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ABSTRACT: 

A graphical user interface is disclosed for interactively editing a palette of colors in response to 
signals from a user. The interface provides a color space in a color space window on the user's 
display and draws all colors in the palette, each color in its current location in the color space 
One of the color spaces available is the uniform CIELAB color space. The interface stores all 
color representations as device independent color specifications in the uniform color space The 
user edits a color by moving it from its current location to a destination location, or by changing its 
lightness coordinate. The interface also provides for storing a plurality of colorimetrically 
measured colors representing the display gamut and the gamut of one or more target hardcopy 
output devices, and provides for displaying a requested gamut in the color space. When the 
user edits a color while the display gamut is visible in the color space, a gamut clipping process 
ensures that the modified color is producible in the display gamut. When the gamut of a 
hardcopy output device is displayed, the user may manually control the appearance of a color on 
the output device by moving a color from a current location outside the target gamut to a 
destination location inside the gamut. A gamut clipping process ensures that the modified color is 
producible in the target gamut. When the user moves a color from inside a displayed target 
gamut to outside the gamut, a gamut constraining process prevents the color from being moved 
beyond the boundaries of the gamut. Modifications to palette colors are stored for future use 
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(54) Graphical user interface for editing a palette of colours. 



) A graphical user interface is disclosed for 
interactively editing a palette of colors in res- 
ponse to signals from a user. The interface 
provides a color space in a color space window 
on the user's display and draws all colors in the 
palette, each color in its current location in the 
color space. One of the color spaces available is 
the uniform CIELAB color space. The interface 
stores all color representations as device inde- 
pendent color specifications in the uniform col- 
or space. The user edits a color by moving it 
from its current location to a destination loca- 
tion, or by changing its lightness coordinate. 
The interface also provides for storing a plurali- 
ty of colorimetrically measured colors repre- 
senting the display gamut and the gamut of one 
or more target hardcopy output devices, and 
provides for displaying a requested gamut in 
the color space. When the user edits a color 
while the display gamut is visible in the color 
space, a gamut clipping process ensures that 
the modified color is producible in the display 
gamut When the gamut of a hardcopy output 
device is displayed, the user may manually con- 
trol the appearance of a color on the output 
device by moving a color from a current loca- 
tion outside the target gamut to a destination 
location inside the gamut A gamut clipping 
process ensures that the modified color is pro- 
ducible in the target gamut When the user 
moves a color from inside a displayed target 
gamut to outside th gamut, a gamut constrain- 
ing process prevents th color from being 
moved b yond the boundaries of the gamut 
Modifications to paJette colors ar stored for 
futur use. 
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A color selection and editing user interface provides the control and communications link between the user 
f a color specification syst m and an underlying color model. The interface provides a color space in which 
the user selects and edits colors. A color space is a pictorial or graphical representation or construction of a 
col r model, visually showing a schematic repr sentations of colors. 

5 Some color specification systems use a device dependent color classification model which is not generally 

correlated to a human color perceptual model. Device dependent color models provide color spaces that treat 
color differences and changes in color characteristics which control physical color output devices but which 
are not related to how humans visually perceive or describe color. The degree of uniformity of the underlying 
color model directly impacts the user's effectiveness with a color selection and editing user interface. Con- 

10 siderable trial and error may be required to select a specific color or to achieve a desired color modification in 
these color spaces because the color model and its color space representation is not uniform to the user, and 
a large change in one or more of the physical descriptors of the color space, such as in the R, G, or B dimen- 
sions, wfll not necessarily result in a correspondingly large change in the perceived color. Thus, user interfaces 
based on conventional nonuniform color models generally limit user editing functions to selecting colors from 

15 fixed palettes of colors or to providing a mechanism by which the user may create and modify colors by spec- 
ifying percentages of certain primary colors, either via text input, or by manipulating graphical tools such as 
sliding color bars, or color wheels. 

A uniform color space, based on an underlying uniform color model, represents colors for the user in a 
way that corresponds to human perceptual color attributes and provides for more user control, accuracy, and 

20 precision in color selection and editing. One such device independent color specification system is that devel- 
oped by the international color standards group, the Commission Internationale de I'Eclairage (the "CIE"). CIE 
color specification employs device independent "tristimulus values" to specify colors and to establish device 
independent color models by assigning to each color a set of three numeric tristimulus values representing a 
color according to its spectral power distribution. The CIE has recommended the use of an approximately uni- 

25 form color space called the CIE 1 976 (L*a*b*) color space (hereafter referred to as "CIELAB" space or ■ LAB" 
space). 

A color display system which utilizes a uniform color model for use in selecting and controlling colors in 
graphics images generated by a computer system is disclosed in Taylor et. al., in EP 0 313 796 A3, entitled, 
"Computer display color control and selection system". Robertson, P. K., in "Visualizing Color Gamuts: A User 

30 Interface for the Effective Use of Perceptual Color Spaces in Data Displays", IEEE Computer Graphics & Ap- 
plications, September, 1988, pp. 50-64, discloses the use of uniform color spaces in computer graphics and 
image processing applications. An interactive palette selection system is disclosed in Hedin, C. and Derefeldt, 
G., "Palette - A Color Selection Aid for VDU Images", Perceiving, Measuring, and Using Colon Proceedings of 
SPIE, Vol. 1250, Santa Clara, CA., Feb. 15-16, 1990, pp. 165-176. 

35 Controlling the color appearance of colors when they are translated from one color reproduction device 

to another is also an important feature for a color interface. Device independent color specification facilitates 
color reproduction among diverse color devices. A device "gamut" includes all of the colors physically produ- 
cible from the primary colors on a particular device, and may be defined in a device independent form. Different 
color reproduction devices have different gamuts, and thus, there is no one-to-one color correspondence be- 

40 tween device gamuts. The device independent color specification for a color on one device may then be map- 
ped to the same device independent color specification for the corresponding color within the gamut of another 
device. In devices having automated color correction processes, this mapping generally assumes that the goal 
of color correction is to produce what is called a "metameric" match between colors. There are, however, many 
variables influencing color appearance not taken into account by automated color correction and metameric 

45 matching. Automatic correction algorithms, which are beyond the control of the color user, may affect the in- 
formation content or visual effect being conveyed in the color image. Users who want to incorporate color ef- 
fectively in printed materials need the ability to directly and predictably control color appearance across dif- 
ferent color devices, by being able to precisely and easily modify colors on one device for predictable repro- 
duction on another device. 

so The prior art color selection or editing systems are narrowly tailored for specific color selection purposes, 

such as scientific mapping or adjusting colors for photographic f flm reproduction, do not provide for complete 
manual control over color mapping between display and print device gamuts, and do not provide the user with 
both dir ct image pixel manipulation and color palette manipulation. In addition, many of th previously de- 
scribed color selection tools do not display an entire palette of colors at one time so that a user may immediately 

55 perceiv and preserve color r lationships among all colors when one color is changed. 

It is an object of the pres nt invention to provide a graphical user interface for color selection and color 
modification which provides visually intuitive and directly manipulable ways of organizing, managing, and pre- 
dicting color in the context of a uniform color model. The graphical user interface of the present invention dis- 
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plays an entire palette of colors in a two dimensional view of a uniform color space whfle permitting the user 
to edit individual palette colors by directly manipulating the colors in the color space. Thus, the graphical user 
interface makes explicit to users the relationship among colors in the pal tte of colors as they are being edited. 
It is also an object of the present invention to provid a facility for the us r to manually control how a color will 

5 be reproduced in a given device gamut, on one or more output devices. 

There is provided in accordance with the present invention a graphical user interface according to claim 
1 of the appended claims.Preferably, the color space is a uniform color space in which spatial distances be- 
tween the displayed colors correspond directly with human perceptual color differences so that movement of 
the color in the coordinate system of the color space is directly related to uniform perceptual changes in the 

10 color. The modifying means also include independent lightness modifying means for modifying the lightness 
signal of a color in response to signals from the input signal receiving means. 

There is also provided a plurality of colorimetrically measured colors representing the gamut of colors re- 
producible by the display means. The color information signals representing the colors of the display gamut 
are stored in a device independent color specification. When the user modifies a color in the color space, ad- 

15 justing means ensure that the set of modified color information signals represent a color that is reproducible 
in the display gamut. 

There is also provided a system for manually controlling and modifying the appearance of a palette of col- 
ors, according to claim 3 of the appended claims.Preferably, the color space is a uniform color space, such 
as the CIELAB color space. The color space drawing means may also draw a polygonal gamut boundary for 
20 a selected print device gamut in the color space. The coordinates in the color space of the vertices of the gamut 
boundary may be defined by respective ones of the colorimetrically measured colors representing the gamut. 
The modifying means may include means for moving a color currently located outside a selected print device 
gamut to a destination location within a selected print device gamut, and for moving a color currently located 
within the selected print device gamut to another location within the device gamut. The modifying means may 
25 also include lightness modifying means for modifying the lightness signal of each color in response to input 
signals received from the input signal receiving means. 

The color modifying processing means may also include adjusting means, responsive to the modifying 
means, for clipping the modified color information signals to correspond to a reproducible color in the device 
gamut The adjusting means may also include means for constraining a modified color moved from a current 
30 location inside a device gamut to a destination location outside the device gamut to be a reproducible color in 
the device gamut of the selected device. Preferably, the reproducible color in the device gamut is a color with 
an appearance close to the appearance of the modified color selected by the user 

The present invention further provides a method for modifying the appearance of a plurality of colours in 
a colour display system, according to claim 11 of the appended claims. 
35 The present invention further provides a method for interactively controlling and modifying the colour re- 

production of a plurality of colours, according to claim 13 of the appended claims. 

Embodiments of the present invention will now be described, by way of example, with refernce to the ac- 
companying drawings, in which: 

Figure 1 is a functional block diagram illustrating a computer controlled system suitable for implementing 
40 the present invention; 

Figure 2 is a mouse pointing device suitable for inputting user signals to the color editing graphical user 

interface of the present invention; 

Figure 3 is a simplified functional block diagram illustrating the graphical user interface (GUI) components 
of the present invention; 

45 Figure 4 is a pictorial representation of a display screen showing the color space window displayed; 

Figure 5 is a pictorial representation of a color space window with a selected monitor gamut and palette 
of colors displayed therein; 

Figure 6 is a pictorial representation of a color space window with a selected printer gamut displayed there- 
in; 

50 Figure 7 is a flow chart illustrating the overall process flow for receiving and analyzing user input requests 

and executing color editing functions for the present invention; 
Figure 8 is a flow chart illustrating the Paint Window procedure shown in Figure 7; 
Figur 9 is a pictorial representation of a color space window with the histogram color space displayed; 
and 

55 Figur 10 illustrates the ov rail processing flow for modifying a color according to the present invention. 

During the following description of th features of the pr sent invention, lik references have been us d 
throughout to designate identical elements. 

Figur 1 is a simplified functional block diagram illustrating the components of a computer contr If d color 
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display system 20 (hereinafter, "system 20") of the type suitable for implementing the color editing graphical 
us r interface of the present invention. System 20 may be a standaJone system, such as a microcomputer- 
=based desktop publishing system. It is also intended, however, that system 20 may be a subsystem of, or 
included within, a broad range of color display or reproduction systems providing for operator contr I of color 
5 editing and adjustment, including but not limited to such devices as color copiers, various types of digital color 
printers, platemaking systems for color offset printing, and color video, f flm or transparency processing devices. 

The components of system 20 include a processor 22, display means 30, and at least one memory device 
24. Memory device 24 provides storage for program instructions in program memory (not shown) and for data 
in data memory (not shown) needed for the implementation of the color editing graphical user interface 10 

10 software of the present invention. Memory device 24 includes a bitmap, or functionally equivalent, memory 
25 for storing the color information signals representing the color to be displayed in each pixel location on dis- 
play means 30. Memory device 24 may include a color map data structure 26, also used for associating color 
information signals with the corresponding individual pixel locations on display means 30. The operation of 
bitmap memory 25 and color map data structure 26 is described in more detail below. The color editing graph- 

15 ical user interface 1 0 software (hereafter, "GU1 1 0") of the present invention functions as a direct manipulation 
user interface for controlling system 20. Auser of GU1 1 0 selects a color editing function from available functions 
(described in more detail below) displayed on display 30 and provides requests for a function via user input 
means 28. GU1 10 is responsive to user input means 28 and accomplishes the editing task requested, display- 
ing results of user requests through display means 30. 

20 Processor 22 is in communication with GU1 10, executing program instructions of GUI 10 for interpreting, 

coordinating, and responding to the user's color editing requests. Processor 22 may be any appropriate proc- 
essor, such as a microprocessor. Processor 22 executes instructions retrieved from memory 24 in a conven- 
tional manner and retrieves and stores data in memory 24. Processor 22 also controls the communication of 
color information signals representing color palette information from color map data structure 26, and addh 

25 tionally may also control the receipt of other input data from input sources not shown. In addition, processor 
22 may execute other programs to perform functions other than color editing provided by GU1 10. 

User input means 28 may include any suitable device for interacting with GU1 10, including but not limited 
to pointing and cursor control devices fortwo- and three-dimensional displays, such as a mouse, alphanumeric 
input devices such as a keyboard, and touch screen displays. The three-button mouse 32 illustrated in FIG. 2 

30 provides the primary method for a user to send signals to GUI 10 requesting color editing functions. Mouse 
32 is connected in a conventional manner to system 20. 

Display 30 may be any suitable color display for displaying computer generated data, such as a cathode 
ray tube (CRT) raster scan color monitor or a colorliquid crystal display (LCD). While it is preferable that display 
30 be a color display device, GUI 10 may be implemented using a monochrome display device. The color in- 

35 formation signals representing color palette data edited by the user the present invention subsequently may 
(but need not) be output to a color output device (not shown) of system 20, such as an electronic or digital printer, 
xerographic marking engine, platemaking device, or other suitable color rendering device. 

Refresh memory area 25 in memory 24 stores color information signals for each addressable pixel on dis- 
play device 30. Some systems may use a color map data structure 26 to minimize the storage requirements 

40 needed for the color information signals in memory 24. The operation of color map 26 is well known in the art 
Color editing graphical user interface 10 of the present invention is a body of software that exchanges 
data with display 30 and user input means 28, and also with processor 22 in order to accomplish the color 
editing functions it provides to the user. This software provides a region on display means 30 called a "window" 
for presenting color editing functions to the user, converts signals received from input means 28 into a series 

45 of user input signals for directing control of processor 22, and receives data from processor 22 for updating 
the representations in the window presented on display 30. 

Figure 3 illustrates a simplified block diagram of the functional components of the color editing graphical 
user interface 10 of the present invention. Color editing client software 12 contains the software instructions 
for defining and implementing the color editing functions available to the user, for defining the color spaces 

so and gamuts in which color editing takes place, and for directing processor 22 to perform transformations on 
color information signals and color spaces as needed. Color editing client software 1 2 also interfaces, via proc- 
essor 22, with data structures 23, 25, and 26 (FIG. 1) stored in memory 24. Interaction handler 14 exchanges 
signals with the user through I/O interface 16 which provides signals to display 30 for viewing by th user and 
receives input signals from input means 28. I/O interface 16 communicates with conventional graphics software 

55 18 for formatting th signals necessary to draw the various contents of th window. Interaction handler 14, in 
turn, sends signals received from the user to color editing client program 12 for interpretation of the color editing 
function requested. Color diting client program 12 then sends appropriate signals to processor 22 for execut- 
ing th r quested function. I/O interface 16 includes text handler softwar 17 which collects, interprets, and 
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parses the input data stream of user input requests and data into appropriate input signals befor passing th 
signals to interaction handler 14. Interaction handler 14 and I/O interface 16 may be implemented as part of 
a larger software environment known as a user interface management system (UIMS) which performs a variety 
f window management and coordination functions. It is intended that color editing GU1 10 have broad applio 
5 ability to many systems environments where computer controlled color display or reproduction is a functional 
component. 

Color editing GUI 10 uses a CIE device independent color model based on coiorimetric principles for in- 
ternal color representation and manipulation. CIE color specification employs such a set of device independent 
X, Y, and Z tristimulus values to specify a color according to the color's appearance under a standard source 

10 of illumination as viewed by a standard observer. Color editing GUI 10 provides three CIE spaces in which 
colors may be edited. The 1931 CIE Chromaticity Diagram color space (hereafter referred to as the "chroma- 
ticity diagram") represents colors according to their "chromaticity" coordinates. The horseshoe-shaped "spec- 
trum locus"of the chromaticity diagram is a set of points representing the x, y chromaticities of the spectrum 
(monochromatic) colors, plotted according to their wavelengths, ranging from 380 to 700 nanometers. The x 

is and y chromaticity coordinates for any naturally occurring color are located within the boundary of the spectrum 
locus outline and the line that joins the ends of the spectrum locus, referred to as the. "purple line". The map- 
ping of natural colors to the chromaticity diagram provides a useful context in which to display a palette of colors 
and to edit individual colors to modify their appearance. 

Another CIE color space provided for editing is the 1 976 Uniform Chromaticity Scale Diagram, also known 

20 as the CIE 1976 UCS diagram, the V, v'(u-prime, v-prime)" diagram, and the CIE metric diagram (hereafter 
referred to as the "UCS diagram"). The UCS diagram is a mathematical transform of the 1 931 CIE space which 
better represents the discrimination of color attributes hue and saturation in such a manner as to represent 
equally spaced color differences as points separated by nearly equal distances. 

Modifying colors using the implemented embodiment of color editing GUI 10 may also be performed in 

25 the CIE 1976 (L*a*b*) color space 130 (FIG.4), where a numerically computed color difference bears a closer 
relationship to a color difference actually perceived by a human observer. Also, color editing GU1 10 manipu- 
lates colors internally in a uniform color space such as the CIELAB color space. Two coordinate axes, repre- 
sented by a* (a-star) and b* (b-star) respectively, describe the chromatic attributes of color. The a* axis rep- 
resents the red-green coordinate, where positive values of a" denote red colors, while negative values denote 

30 green colors. The b* axis represents the yellow-blue coordinate, where positive values represent yellows and 
negative values signify blues. The L* (L star) coordinate defines a perceptual correlate of a color's "psycho- 
metric lightness". Lightness may be referred to as "relative brightness", is in the range of 0 to 100, and lies 
perpendicular to the a*, b* plane. Mathematical manipulations of colors in CIELAB space may be accomplished 
in both rectangular and cylindrical coordinates. Cylindrical coordinates permit identification and manipulation 

35 of the perceptual correlates of "hue" and "chroma ". A hue correlate in cylindrical CIELAB space is the angle 
which correlates to a hue numerically by an angle ranging from 0.0 to 360.0 degrees, with values evenly dis- 
tributed around the L* axis from the positive a* axis. Chroma is an object's colorfuiness judged in proportion 
to a similarly illuminated achromatic area. The chroma of a color has a correlate in cylindrical CIELAB space 
radiating out perpendicularly from central L* axis and is the distance away from the achromatic, or gray, central 

40 L* axis 1 38 for a given lightness (L* level) and hue-angle, and a different range of chroma is available for various 
hue-angles as well as for various lightness (L*) levels. 

Figure 4 illustrates display screen 100 which appears on display device 30 of computer controlled color 
rendering system 20 (FIG. 1). Message header area 110 at the top of screen 100 is used for displaying system 
and application-specific messages to the user. When selected for execution by the user, GU1 10 first presents 

45 color space display window 112. The user interacts with window 112 using conventional window manipulation 
and window content interaction techniques. To make a selection in window 112, the user uses mouse 32 to 
position cursor 11 6 on a selectable item in window 1 12 and depresses and releases ("clicks") one of the buttons 
34, 36, or 38 (FIG. 2), on mouse 32 to select the item, or to cause the corresponding operation to be performed. 
Vertical scrollbar 120 of color space window 1 1 2 will permit scrolling of the color space currently displayed up 

so or down within the window. Vertical scrollbar portions 120A and 120B represent up and down scrolling, re- 
spectively, when invoked by mouse 32. Clicking mouse 32 over either end of horizontal scrollbar 122 will cause 
horizontal left or right scrolling of the color space window. In addition, the user may move the entire window 
112 to another location on display screen 100, and may enlarge or reduce the size of window 112 using con- 
ventional window manipulation techniques. Caption area 118, in the top portion of window 112 contains ex- 

55 planatory information about the contents displayed in window 112. Just below caption area 118 is menu area 
114 which displays th functions and features available for selection by the user of color editing GU1 1 0. 

Initiating execution of color editing GU1 1 0 results in the software displaying, in color space display window 
112, a graphical, two-dimensional representation of the CIELAB color space 1 30. The user may s lect for dis- 
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play any of three dlff rent color spaces in which to perform color editing, or may display a histogram showing 
the frequency distribution of the lightness values of the currently selected palette. An example of the L* His- 
togram color space may be seen in FIG. 19. Table 1 below associates the four color space display options with 
th buttons on mouse 32 and with th "SHIFT" key on an input key board device (not shown). The user press s 
one of the valid mouse button - key combinations, listed in Table 1 , to request display of the desired color space. 
All menu selectbns may be made in a similar manner using a pointing device such as mouse 32. 



TABLE 1: Selecting A Color Space For Display 



Mouse Button (FIG. 4C) 


Keyboard "SHIFT" 


Color Space Request 


34 


NO 


CIELAB 


34 


YES 


HISTOGRAM (L*) 


36 


NO 


1976 CIE UCS DIAGRAM 


38 


NO 


CHRO MAT! CITY DIAGRAM 



The user may request, at any time, the display of any of the available color spaces listed in Table 1 . When 
the user changes the color space, each of the colors, currently plotted according to coordinates in one color 
space, is converted to the color value representation in the newly requested color space and plotted in the 
correct location in the new color space. Color editing GU1 10 also supports multiple color space display win- 
dows on a single display screen 100 using conventional window management techniques. 

The user selects menu item "Palettes", 114A, with mouse 32 to display a palette of colors. Selection of menu 
item 114Aacts as a toggle switch which, when activated, presents a second menu line containing a list of color 
palette names available for display and editing in color space 1 30. When the user selects a list item from the 
second menu line, the input data file of colors identified by that name will be displayed in color space 130. 

FIG. 5 illustrates the display in color space 1 30 of a palette of colors to be edited. The individual colors of 
the palette are converted from their internal storage format to values in the currently displayed color space 
and plotted in the rectangular color space coordinate system 130 according to their respective coordinates in 
the displayed color space. Each color is represented as a square mark in the actual color represented, and 
thus the L* signal of each color is indirectly represented in color space 130. The user may select some color 
functions using only mouse pointing device 32. Available color function options associated with mouse re- 
quests are summarized in Table 2 and described more fully below beginning with the discussion accompanying 
FIG. 10A. To edit one of the colors displayed, for example, color square 131, the user selects color square 131 
with the cursor and middle mouse button 36 (FIG. 2). While keeping button 36 depressed, the user moves, or 
drags, color square 131 from its current location in color space 130 to a destination location 131a which will 
represent the desired modified color in color space 130. The movement of color square 131 is shown along 
dotted line 135. When the user releases middle mouse button 36 at the desired destination location, the new, 
modified color in color space 130 is determined from its location, and color square 131 a is presented in the 
modified color. The scrolling functions described above as well as the "zoom" function available in menu area 
114 provide the user with the ability to position a portion of color space window 112 for close inspection of the 
edited colors. 

GU1 10 performs processing to ensure that the modified, or moved, color is an actual reproducible color 
in the gamut of display device 30. This requires colorimetrically measuring t he gamut of display device 30, and 
storing this measured gamut in memory 24. In order to ensure that the modified color is reproducible in the 
display device gamut, color editing GU1 10 converts the coordinates representing the modified color value to 
hue, chroma and lightness values, maintains the hue and lightness of the destination colorconstant and adjusts 
the destination color's chroma by automatically clipping the chroma to ensure that the color is reproducible 
in the gamut During color editing, a user will be prevented from moving colors outside of a displayed gamut 
boundary. 

In order for the user to see where the boundaries of the display gamut are, the user may display the gamut 
boundary in color space 1 30 at any time by selecting the menu item labelled "Gamuts", which provides a third 
menu line containing th gamut boundaries avaaable for display. The third menu line includes both monitor 
and printer devices. When the user selects a device name, in this case, the monitor's name, the monitor gamut 
boundary 140 is displayed in color space 1 30. The selected gamut menu item acts as a toggle switch and there- 
fore, the user may remove th displayed monitor gamut boundary 140 from color space 1 30 by selecting th 
gamut menu item again with mouse 32. When a gamut boundary is displayed, a color is constrained within 
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the physical limits of the boundary of monitor gamut 140 and may not be moved beyond those boundaries. 
Monitor gamut boundary checking is performed regardless of whether the monitor gamut is actually displayed 
in color space 130. If the user attempts to move a color outside of the monitor or selected printer gamut, the 
d stination location of the color is moved back, or "clipped", to the point on the gamut where a line from the 
5 original location and the destination location intersects the gamut boundary line. In addition, other gamut proc- 
essing ensures that the modified color is at the maximum lightness for the selected chroma and hue. 

Requesting display of a printer device gamut will cause the monitor gamut to be removed from the display, 
and will cause printer device gamut boundary 142 to be displayed, as shown in FIG. 6. Comparing monitor ga- 
mut boundary 140 (FIG. 5) with printer gamut boundary 142 shown in FIG. 6, it can be seen that the gamuts 

w are not coextensive and that there is no one-to-one correspondence between colors in the monitor gamut and 
those in the printer gamut. Some of the colors in FIG. 6, for example, color squares 131a, 144, and 146, in 
the displayed palette are outside gamut boundary 142 of the selected printer device. From this display, the 
user knows that these colors will not be accurately reproduced on the selected printer. The user has manual 
control over mapping each color in the monitor's gamut to an appropriate color in the gamut of the target device 

15 by using the available color editing methods of GU1 10 to bring colors within the confines of target device gamut 
boundary 142. The user may also select and manually move color square 144 to a destination location 144a 
inside printer gamut boundary 142, along, for example, dotted line 145, where the resulting color is suitable 
for the user's purposes. Color 144a is now constrained within the physical limits of printer gamut boundary 
142 and may not be moved beyond those boundaries. 

20 The user also has manual control overthe perceived lightness (or darkness) of a color. While the L* values 

are ignored for purposes of plotting the color palette in the a", b* color space 130, the color's L* value is indir- 
ectly represented by the color shown in a color square, and correctly illustrates if s perceived lightness or dark- 
ness. The user may change the lightness signal of color 144a by selecting color 144a with right mouse button 
38 to darken color 144a by a fixed increment, or with right mouse button 38 in conjunction with the SHIFT key 

25 on an input keyboard (not shown) to lighten color 144a by a fixed increment. Afixed increment of + 10 L* units 
is made to the L* value to lighten the color, to a maximum of 1 00, and a fixed decrement of -1 0 L" units is made 
to the L* value to darken the color, but other suitable increments may be used. The resulting changed color 
also undergoes a clipping process to ensure that it is a valid color in the displayed gamut solid. 

All input palette colors and gamut measurements are referenced, or calibrated to a device independent 

30 color specif ication. Calibration establishes a correspondence between device coordinates and some universal 
metric such as CIE tristimulus values. The user must create a calibration model, for each monitor on which 
color editing GU1 10 is to be used, for transforming the device independent XY2 tristimulus values for an input 
color and for modified colors to device dependent signals for displaying colors on the user's monitor, and for 
transforming device dependent RGB signals to device independent XYZ tristimulus values. Steps for creating 

35 a calibration matrix are known in the art. The calibration takes into account the reference white of the user's 
monitor, the point where R = G = B = the maximum voltage. The inverse of the calibration matrix is applied to 
each palette color's tristimulus values to generate the RGB signals needed to display the color on the user's 
monitor. 

Figure 7 illustrates the overall process flow for displaying and editing data according to the features of the 

40 invention. The description which follows references a data structure called "StateRec" in which is stored the 
current processing data for implementing the color editing functions of color editing GU1 10. When color editing 
GUI 10 is invoked by the user, initialization procedures are performed in box 170, including several data re- 
trieval and window processing routines. The initialization procedures define window functions, such as scroll- 
ing, painting the window, and saving the contents of the window, and menu entries in menu area 114, and as- 

45 sociate each function and menu entry with the application procedure to be executed when the entry is selected 
by the user. An array data structure containing the data needed to physically graph the four color spaces avail- 
able for display in color space window 112 is initialized with data for each color space. During the initialization 
process, and later when the user selects a color space for display, information for the selected color space is 
moved into fields in StateRec. Then, the initial data needed to process and display a default color space window 

so 112 is collected in fields in the StateRec data structure The user's display device is established as the default 
monitor gamut to display in the color space. One of the CIE color spaces is established as the default color 
space to display, and appropriate color space drawing data is moved into the fields in StateRec. A palette of 
colors is also assigned as the default palette for the software to initially retrieve and store. These defaults may, 
of course, be changed to other selections or left for initial selection by the user. FIG 4 shows CIELAB color 

55 space 130 displayed as the default color space. 

Monitor calibration data is computed for the user's monitor and stored in the StateRec data structur . Th 
measured x, y chromaticities for the R, G, B primaries and for the monitor's reference white point, and the max- 
imum luminance, Y, of th reference whit . are read from a program-resident table for the select d monitor 
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device, into the appropriate fields in StateRec. This measured data is used to create, by known methods, th 
monitor calibration transformation that will be used to perform color transformations needed to display input 
and modified color palette data on the user's monitor. Th calibration matrix, the inverse of the matrix, and 
the monitor's white and black points, computed from measured data, are stored in StateRec. Initialization pro- 

5 cedure 170 also includes initialization processing for color gamut boundary data for the monitor gamut RGB 
triplet values for measured monitor primaries red, green, blue, cyan, magenta and yellow are each transformed 
into device independent XYZ tristimulus values to produce a set of XYZ values for each primary of the monitor 
gamut boundary, and stored in StateRec. 

Processing steps are also executed during initialization for defining spectrum locus data. The program res- 

10 identdata values representing the chromaticities of the points of the spectrum locus, shown in the chromaticity 
diagram and UCS diagram color spaces, are read into the spectrum locus coordinates array. This initialization 
processing need occur only once during the user's color editing session. Gamut graphics data for plotting the 
trajectory of the monitor gamut in the default color space when requested by the user, are accumulated and 
stored in a field called "gamut" in StateRec. Graphics drawing instructions for plotting, in the default color 

15 space, the trajectory of the spectrum locus from the spectrum locus coordinates array are collected in the 
data structure "spectrumLocus" of StateRec for use by interaction handler 14 during the painting of color space 
window 112. The trajectory processing is repeated whenever the user selects a new color space requiring dis- 
play of the spectrum locus. A default color palette is also retrieved during initilization processing and is stored 
in a palette array entry in StateRec. The processing details of these procedures are described below. 

20 Finally, the physical location on display 100, the number of menu lines to display, and other characteristics 

of color space display window 112, needed by interaction handler 14 (FIG. 3), are established. Color space 
window 112 may be displayed during initialization processing, or it may be painted on display 100 when an 
appropriate user request signal is received. The initialization processes encompassed in box 170 of FIG. 7 are 
now completed, and processing transfers to box 182 in FIG. 7 for receipt of a user input signal. 

25 User input signals are received in box 180 primarily from mouse mouse 32 (FIG. 2), when the cursor is 

positioned over menu entries on any of the menu lines of menu 114, or when the cursor is positioned over 
color space window 112. Boxes 182 through 196 analyze the received signals for subsequent processing. 
When the user requests the display of a color palette from menu 114 by selecting a palette name from the 
menu, the inquiry in box 182 is satisfied, and processing transfers to box 200, where the color palette data is 

30 retrieved from a data structure stored in memory 24 and prepared for subsequent display. Typically the color 
palette data is part of a data structure that has been created by another software application, such as an il- 
lustrator, painting, design, or graphics program. The color palette data may also be retrieved directly from a 
color map data structure. In a program-resident table, color editing GU1 10 associates each of the color palette 
names in a list of color palette names appearing on a second menu line with an actual data structure name for 

35 the data structure located in memory 24. When the user selects a list item, a table lookup is performed to find 
the actual input data structure name of the selected data structure and the name is made available to Proce- 
dure 200. Procedure 200 examines each data field in the externally stored palette data structure and extracts 
and builds an array of color palette information in StateRec. In particular, the input record is examined for the 
RGB triplet of phosphor gun voltage levels. Next, the RGB tristimulus values are converted to XYZ tristimulus 

40 values using the calibrated matrix transformation for the monitor calibration created during initialization proc- 
essing. The resulting XYZ tristimulus values are used to compute the x and y chromaticity values and CIELAB 
L*,a* f b* values for the color. A common procedure, called Procedure 238, provides a conversion routine for 
converting a color's XYZ tristimulus values to a color specification in any selected color space. The procedure 
returns the color specification as vector coordinates for use by a graphics procedure to draw lines or curves 

45 to the point These vector coordinates are also equivalent to the actual color specification in a selected color 
space. Procedure 238 returns the x,y chromaticities and CIELAB values to Procedure 200, which are then stor- 
ed in StateRec. These values are computed once and stored for performance optimization. In an alternative 
implementation of Procedure 200, only the XYZ tristimulus values for each input palette color need be stored, 
and color values for different color spaces could be computed on an as-needed basis. After termination of the 

50 input data loop, the color palette constructed in StateRec is sorted to remove duplicate color entries, which 
are saved in an internal memory area, in order to ensure that they are updated with modified color values when 
the external data structure is updated during the processing of a "Save" request Procedure 200 now returns 
processing control to the next xecutable procedure, as shown on th overall processing flowchart of FIG. 7. 
When the us r requests the display of a different color space in window 112 from menu 114, the inquiry 

55 in box 184 is satisfied, and control transfers to Procedure 320 for retrieving and formatting display and proc- 
essing data for th selected color space. Procedure 320 analyzes the user's color space request for one of 
the valid color spaces listed in Table 1 abov , and to determine if the selected color space is the same as th 
currently displayed color space. For a different color space, fields in StateRec are updated with n cessary 
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graphics information from the color space array structure built during initialization processing. A flag in State- 
R c used for determining subsequent processing in Paint Window procedure 400 is set equal to a value of 
True" to indicate that a new color space has been selected. 

Procedure 320 also computes the graphics drawing (trajectory) data needed to draw the spectrum locus 
trajectory and the gamut trajectory in the new current color space. Trajectory data consists of a series of co- 
ordinate points and instructions to draw lines from a prior position to the next coordinate position. Using the 
spectrum locus coordinate data structure initialized during initialization procedure 170, a loop is executed for 
computing a selected number of spectrum locus trajectory points for the array of spectrum locus coordinates, 
using Procedure 238 to compute the vector coordinates of each point in the proper color space format The 
spectrum locus procedure is not executed if the newly selected color space is the CIELAB or the CIELAB his- 
togram color space. Computing gamut trajectory data for the new current color space is performed in a similar 
manner and is described below. Processing control then returns and proceeds to box 400 to paint color space 
display window 112. 

When the the user requests the display or removal of a monitor or printer gamut outline from menu 114, 
the inquiry in box 186 is satisfied, and processing transfers to Procedure 360 for retrieving and formatting dis- 
play and processing data for the selected gamut, in box 360. Procedure 360 returns control to the next execu- 
table procedure in FIG. 7 if there has been no change in the gamut to be displayed gamut Procedure 360 calls 
a procedure (Procedure 370) to get gamut coordinate data for the selected device for storage in StateRec. If 
the selected device gamut is for a monitor, the RGB triplet values for red, green, blue, cyan, magenta and yellow 
of the selected monitor are each transformed into XYZ tristimulus values using the monitor calibration matrix 
created during initialization to produce a set of XYZ values for each primary of the monitor gamut boundary. 
If the device is a printer, three sets of measured chromaticity data for each of six printer primary colors, stored 
in program-resident memory, are averaged, and the x, y chromaticity and Y value data is converted to XYZ 
tristimulus values for the measured printer primary colors. 

Procedure 360 then calls Procedure 390 for computing the gamut graphics data needed for plotting the 
trajectory of the selected gamut in the currently displayed color space. Procedure 390 does not compute a 
gamut trajectory if the histogram color space is the color space currently selected for display. A data structure 
in StateRec contains fields for storing the trajectory path of the gamut, the actual color space coordinates for 
each vertex of the gamut, and the coordinates of the reference white of the measured gamut. Procedure 390 
takes as input the value of the current color space and the gamut coordinates just computed in Procedure 370, 
and returns, in the StateRec field, "state.gamut", the graphics trajectory data needed to draw the gamut in the 
currently selected color space. Processing in Procedure 390, similar to that described above for computing 
the trajectory of the spectrum locus, executes a loop for computing the gamut trajectory points for the array 
of gamut coordinates, also using the common conversion procedure called Procedure 238 discussed earlier 
with reference to Procedure 200 to compute the color space coordinates from the XYZ tristimulus values for 
each set of gamut coordinates. For every coordinate set computed, a function for drawing a line to that point 
in the color space is executed and the result is put in the field in StateRec data structure. In addition, each 
set of gamut boundary coordinates and the color space coordinates for reference illuminant are also stored. 
Processing control then returns and proceeds to box 400 to paint color space display window 112. 

Several user input signals result in window 112 being "repainted" with new information. "Paint Window" 
process, in box 400, is commonly accessed by the functions requiring the currently displayed window to be 
repainted. The process flow for Paint Window procedure 400 is illustrated in FIG. 8. Paint window procedure 
400 first tests, in box 410, a flag in StateRec to determine if a new color space has been selected for display 
since the last time color space window 112 has been painted. If not, control proceeds to box 41 6. If a new color 
space has been selected for display, control transfers to box 412 where translation and scale parameters in 
StateRec are updated from window boundary and size information about the current color space. The trans- 
lation and scale parameters are used for tracking the current window size, the portion of the window displayed, 
and the size of the information displayed in the window, all of which are altered during execution of the window 
display functions for vertical and horizontal scrolling and enlarging or shrinking the window. In box 416, para- 
meters used to draw the window boundaries, to size the window, and to draw and label the axes of the color 
space are computed or retrieved from StateRec, for formatting and executing instructions to draw the currently 
selected colorspace, in box 418, according to the descriptions of the color spaces previously provided. All draw- 
ing instructions must be in a format suitable for execution by I/O Interface 16 (FIG. 3) or optional graphics in- 
terface softwar 18 (FIG. 3), or otherwise must be in a format understandable to processor 22 (FIG. 1). 

If th color space has a chromaticity diagram and requires display of the spectrum locus 102, procedure 
400, in box 424, xecutes instructions for drawing spectrum locus 1 02 using graphics trajectory data in State- 
R c processed in procedure 330. If a gamut has been selected for display, Procedure 400, in box 428, xecutes 
suitably formatted instructions for drawing the selected gamut using the graphics trajectory data processed 
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in procedur 390. Then, if there is a current color palette to display in color space display window 112, the 
curr nt palette of colors is plotted and displayed in the current color space, in Procedure 440. Procedure 440 
first determines whether the histogram is the current color space selected for display. If so, processing control 
transfers to another procedur for drawing the histogram. If the selected color space is one other than the 
histogram, processing continues with a loop which plots and displays each color in the color palette currently 
being edited by the user. Each color in the palette is plotted in a location in the color space determined by its 
color coordinates, which are always maintained as the current color coordinates for the color. When the user 
of color editing GUI 10 is using a color monitor, each color is displayed in the color space as a square mark 
in the color represented by the color information signals. 

Processing for the plotting and display of a color in the color space includes clipping each palette color to 
the current color space, which produces a set of modified RGB tristimulus values if the color is clipped. Once 
the clipping procedures are completed, the electron gun voltages needed by display means 30 to display the 
color are computed from the RGB values for the clipped color, adjusted for the user's monitor if necessary, in 
a conventional manner. Next, the acutal physical coordinates needed to draw the color in the current color 
space are computed for use by the graphics interface software. The color values in CIE color spaces, converted 
from the color's device independent XYZ tristimulus values, also represent explicit positions when plotted in 
the respective color space by the graphics interface software, since the graphics interface software makes 
the conversion between the color space positions and positions needed on display screen 100. Instructions 
for locating and drawing the colored mark are formatted and executed. Loop processing continues until all pa- 
lette colors in the palette have been plotted and displayed. 

Paint Window Procedure 400 also constructs and displays the histogram color space, shown in FIG. 9. A 
histogram for an image or set of colors in a palette maps lightness to frequency of use. For reference, or pictorial, 
images, the histogram provides a profile for the image that defines whether it is high or low contrast, and pro- 
vides information about tone reproduction and where in the lightness range the information lies. Tone (gray- 
scale) reproduction affects the contrast and the overall brightness of the image. How well the gray tones in 
an original image ultimately map to the gray tones in the reproduction will determine if the information content 
of the image is proportionally preserved across the available gray levels of the gamut of the output color device. 
Because maintaining the contrast of an image across color reproduction devices is considered a very important 
factor in the reproduction process, the distribution of the lightness values can be informative. The way the 
lightness profile of an image is reproduced is very important to the quality of a reproduction. High overall con- 
trast is often considered a mark of quality, and the user of color editing GU1 10 may find it appropriate to max- 
imize contrast by adjusting the lightness distribution of the palette colors in some situations. 

Histogram 540 consists of an L* versus frequency distribution graph of the colors in the palette of colors 
displayed in FIG. 6 above. The independent variable along x axis 542 represents the L* value for a color. The 
dependent value along the y-axis 544 is the number of colors in the palette at that L* value, each color being 
represented by a rectangular-shaped bar 546, displayed in the color the bar represents. For example, bar 548 
represents four colors in the displayed input palette with an L* value between 70 and 80. 

The detailed process flow for producing L* histogram color space 540 of FIG. 9 is straightforward. The 
interval of the L* groupings to be displayed on the histogram on the x-axis is computed first from the maximum 
number of L* values possible, divided by the number of L # groupings desired on the histogram. A fixed number 
of L* groups or classifications is established and may be controlled by a parameter initialized in memory, or 
left to user control. Next, the maximum bar height for any one bar to be displayed on the histogram is computed 
from information about the current size of the window displayed, so that only those colors in a particular dis- 
tribution that will fit in the vertical window space will be displayed. The colors in the currently displayed palette 
are organized into sequence by L* value, in a procedure called Classify LStar, for display in histogram color 
space 540. Classify LStar procedure 500 first builds an easily accessed, temporary list data structure consist- 
ing of a f ixed array of list records, one list record for each L* grouping to be displayed on the histogram, with 
each list record containing a field holding the number of colors in the palette in the respective L* grouping, 
followed by the required number of fields containing the indices of the color in the palette which fall into that 
L* grouping. In a loop, the palette colors, stored in ascending order by L* value are examined one by one, clas- 
sified into the appropriate L* group by dividing the color's L* value by a computed group interval, and then 
incrementing the color count in the appropriate temporary record for that L* group. 

Once organized for display, the histogram with the L* data is displayed, using a double loop control struc- 
ture. The first, or outer, loop, controls the positioning and display along x-axis 542 of each successive L* group- 
ing of colors. The second, or inner, loop, controls the process for building the vertical bar in the y-axis direction, 
showing the individual colors in the particular L* grouping. Each colored rectangular portion of the bar repre^ 
sents a different color in the palette in the same L* group as the other colors displayed as part of the bar, and 
each color is displayed on top of the previous color, up to th maximum permitted height of the bar. When th 
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maximum bar height is reached befor all colors in the L* group have been processed, the remaining colors 
in the group are not displayed, and pr cessing continues with the next L* group. When all L* groups have been 
processed, control returns to Plot Palette procedur 440. When the Paint Window procedure 400 is completed, 
control returns to the next ex cutable instruction in FIG. 7. 

When the user clicks mouse 32 anywhere in color space window 112, either to select a color, to move a 
color, or to lighten or darken the color, the window manager's application interface 16 (FIG. 3) receives the 
mouse gesture, and a table correlates a mouse gesture with a request. The request is then passed to color 
editing GU1 10 for analysis and processing, and the inquiry in box 188 (FIG. 7) is satisfied. Processing transfers 
to Procedure 570 where the mouse screen position is examined to determine whether a color marker has been 
selected, and to determine which editing function has been selected, based on the sequence of mouse events 
received by the procedure. Valid gestures, or requests, are those listed in Table 2 below, which associates the 
available color function options with the buttons on mouse 32 and with the ■SHIFT" key on an input keyboard 
device. 



Table 2: Requesting Color Editing Functions 



Mouse Button (FIG. 4C) 


Keyboard "SHIFT- 


Color Function Request and Comand(s) Gen- 
erated 


Left (34) 


NO 


Select & Query Color ("Query") 


Middle (36) 


NO 


"Clip" Out-of-Gamut Color to Gamut Bound- 
ary ("From","To") 


Middle (36) & Drag Color 


NO 


Edit Color to Value of New Location in Color 
Space ("From","To") 


Right (38) 


NO 


Make Color Darker ("From", "Darker") 


Right (38) 


YES 


Make Color Lighter ("From", "Lighter") 



Perform Color Editing procedure 570 is shown in detail in FIG. 10. Current x and y screen coordinate pos- 
itions of the mouse pointer for the currently displayed color space are determined, taking into account the pres- 
ent window size and position. Next, in boxes 574, 576, and 580, tests are made to determine which request 
has been received. For all mouse gestures not corresponding to a valid request in Table 2, processing returns 
to the next executable procedure. When the user selects a color for any of the valid available color editing 
functions other than to display color information, the first request generated is a "From" command. The "From" 
command also satisfies the inquiry in box 574, and processing control then transfers to Procedure 590 which 
determines whether a valid color in the palette has been selected, and, if so, Procedure 590 determines which 
color in the palette has been selected. If a color has successfully been selected, a flag is set and control then 
passes to Paint Window procedure 400. 

The user may edit the lightness signal of a palette color separately from hue and chroma information, to 
make the color lighter or darker. The users adjusts the lightness of a color when CIELAB color space 130 is 
displayed by requesting that a color be made lighter using right mouse button 38. When the user requests that 
a color be made lighter when CIELAB color space 130 is displayed, the L* value for the selected color is in- 
cremented by 10 L* units, to a maximum of 100 L" units. When the user requests that a color be made darker, 
the L* value for the selected color is decremented by 1 0 L* units, to a minimum of 5 L* units. Processing control 
transfers (via FIG. 7) to Paint Window procedure 400, where the color, with its changed lightness signal, to- 
gether with the rest of the palette, wfll be displayed in color space window 112. 

To change all coordinates of a palette color the user selects a color square with the cursor and middle 
mouse button 36, and, while keeping button 36 depressed, the user moves, or drags, the color square from 
its current location in color space 130 to a destination location which wfll represent the desired modified color 
in color space 1 30. The selection of a color square for editing first generates a "From" command to determine 
which color in the palette has been selected for editing, and then, when the user releases middle mouse button 
36atth desir d destination I cation, a "To" command is generated from the us r'smous gesture, and proc- 
essing control again enters procedur 570. Th x and y screen position of destination location of th color is 
d termined, in box 572. In box 600. a pre-clipping out-of-range test is don on the user-modified color values. 
Th modified color values are retriev d from the screen coordinates, and the XYZ tristimulus values of th 
color are computed and evaluated to determine if the modified color edited by the user represent a physically 
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possible color. If any of the X f Y. or Z valu s Is negative, the color is not physically possible, and th user re- 
ceives a message of the out- f-range color. If the color is in-range, the CIELAB values for the color are com- 
puted from the XYZ tristimulus values. 

Upon completion of th range checking and computation of the modified color's CIELAB valu s, some 
gamut clipping processing is performed, depending on which function the user is performing. If the user is 
moving a color inside the monitor gamut only, Procedure 620 ensures that the modified color is reproducible 
in the monitor's gamut by using any conventional clipping procedure. Gamut dipping processing is carried out 
in CIELAB color space internally, using CIELAB cylindrical coordinates. First, a data structure is built which 
holds the data representing a device's color gamut The gamut of a device is measured and stored in CIELAB 
coordinates. For each of a selection of L* values between 0 and 100, the outer edges of the device gamut are 
determined from a measured sampling of colors around the cylindrical perimeter of the selected L* level. A 
sample of forty measured colors around the perimeter of the a*, b* slice provides an approximation of the de- 
vice gamut at the selected L* level sufficiently accurate to provide meaningful editing feedback to the user 
when editing colors within a gamut In cylindrical CIELAB coordinates, such a sampling provides the maximum 
chroma value for a hue value every nine (9) degrees. A sampling of levels every 5 L* units results in measuring 
19 levels of forty colors each. This measured device gamut data is stored in a two-dimensional 19 x 40 array 
structure, hereafter referred to as "Gamut". 

Any known gamut clipping method may be performed. One such general chroma clipping algorithm pre- 
serves the achromatic component of the color as nearly as possible, and adjusts the chromatic component 
to bring the color to the edge of the gamut in such a way that hue constancy is nearly preserved. The modified 
color's chroma is brought to the maximum chroma reproducible in the monitor gamut for the modified hue and 
original lightness values. This clipping procedure includes converting the LAB coordinates to cylindrical hue 
and chroma coordinates. If the maximum chroma is greater than the modified color's chroma, the modified 
color's chroma is replaced by the maximum chroma, and the cylindrical coordinates of the color are converted 
back to LAB color space a*, b* coordinates. After clipping the color's chroma in CIELAB space, the modified 
color's XYZ tristimulus values are computed, and the modified and clipped color's XYZ tristimulus values are 
converted to RGB tristimulus values, and control returns to Procedure 570 for post-clipping processing in box 
650. 

Another known method compresses, rather than clips, all the colors such that the range of input colors 
just fits within the range of output colors. This compression can also be done selectively and non-lineariy, such 
that for every quantized achromatic level and hue level, the chromatic component is compressed to fit within 
the output range possible for the chromatic and achromatic levels while preserving hue as nearly as possible. 
Similar compressions can be performed as a function of saturation, lightness, hue or any other color metric. 
A clipping method based on the lightness attribute ensures that the L* (lightness) level currently associated 
with the modified color is equal to or greater than the minimum lightness level and equal to or less than the 
maximum lightness level which will support the hue and chroma of the modified color in the selected target 
gamut. The chroma, in turn, is also iteratively evaluated at a constant hue during the processing for finding 
the optimum lightness level, so that the resulting clipped lightness level of the modified color supports the 
maximum or desired chroma for a fixed hue angle in CIELAB space. 

If the user is modifying a color by constraining it inside the gamut of a selected output device gamut, ad- 
ditional processing is performed so that the modified color is the reproducible color in the target device gamut . 
The additional processing, Constraint processing, in box 615 of FIG. 10, will not permit the user to move a 
color already within the target device gamut to a destination location outside the target device gamut, and is 
executed every time the user moves a palette color while a printer gamut is displayed. Constraint and Intersect 
processing bring an irreproducible color to the edge of the gamut by determining the shortest vector distance 
from the color to the gamut The Constraint procedure receives the gamut trajectory trajectory and boundary 
data described earlier. First, a line segment is created between the x and y coordinates of the modified color 
and the center, or white point, of the currently selected gamut Then a loop is executed which tests whether 
the line segment intersects any of the line segments making up the boundaries of the gamut. The Intersect 
procedure uses known graphics techniques for testing for the intersection of the line segment and one gamut 
boundary side, and for finding the coordinates of the intersection point If an intersection is found, the modified 
color is outside the gamut The modified color's coordinates are then replaced with the intersection coordinates 
and returned from the Constraint procedure, effectively dipping the modified color to the edge of th gamut 
boundary along a straight line to the measured gamut's reference whit point If no intersection is found, the 
modified color's coordinates ar returned from Constraint processing unchanged. 

For colors constrained within a gamut additional processing is needed to ensure that the dipped color is 
producible in the select d, m asured device gamut. Any of the gamut dipping methods described above for 
monitor gamut dipping may also be p rformed here. 
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In post-clipping processing, the R, G, and B tristimulus values ar ach t sted and adjusted, using a con- 
ventional clipping method for clipping th RGB values to the RGB color spac , t mak sure ach valu is 
betwe n zero and one, prior to obtaining the physical (phosphor gun voltage) specifications for th color. If 
th RGB values have been clipped, color conversions from new XYZ tristimulus values must be perf rmed 

5 again. The palette record entry for the current palette of colors is then updated with color values for the modi- 
fied color. Control is then transferred to Paint Window procedure 400 (see FIG. 7), for displaying in color space 
window 112 the newly edited color, together with the rest of the currently selected paJette. 

Certain window display functions such as scrolling are provided for via mouse selection in color editing 
GU1 10, and Zoom, Save, Print Reset, and Stop requests are provided in menu area 114. Requesting any of 

w these other valid functions satisfies the inquiry in box 194 and initiates the appropriate processing in box 800. 
Invalid user requests are handled in a conventional error routine in box 900. Processing in color editing GUI 
10 is terminated upon satisfying the user's request to terminate processing in box 196. 

The graphical user interface and system of the present invention improve the user's ability to specify and 
control the colors in display and print images. Color editing GUI 10 takes advantage of the more predictable 

15 and easily perceived relationships among colors in the uniform CIELAB color space having enhanced visual 
uniformity. The display of an entire palette of colors during color editing enables the user to preserve color 
relationships among palette colors in order to preserve information oraesthetic content, as needed, in a display 
or print image. Manual placement of colors in the output hardcopy device gamut permits the user to directly 
control and predict color appearance in the output image. The color editing mechanism is based on simple phys- 

20 ical movements in a two dimensional graphical frame of reference. Internal, device independent colorimetric 
representation and gamut clipping of colors provide a consistent and accurate color specification that pre- 
serves the intended color appearance of the color palette and minimizes color appearance differences when 
colors are produced on different color devices. 

For a better understanding of the present invention, reference is made to U.S. application Serial No. 

25 07/805,691, a copy of which was filed together with the present application. 



Claims 

30 1. AgraphicaJ user interface (GUI) for modifying the appearance of a plurality of colors, said interface being 
for use in a system having memory means for storing color information signals representing the plurality 
of colors, and means for displaying the plurality of colors; said graphical user interface including, 

means for receiving input signals from a user; 

a color space display window; 
35 color space drawing means for drawing a graphical representation of a color space in said color 

space display window and for drawing the plurality of colors in said color space, each color being drawn 
in a current location in said color space, said current location having coordinates defined by the color 
information signals representing each color; and 

means for modifying one of the plurality of colors drawn in said color space in response to at least 
40 one signal received from said input signal receiving means, 

wherein said modifying means includes moving means for moving the one color from said current 
location to a destination location in said color space, said destination location having coordinates defining 
a set of modified color information signals corresponding to a modified color, said color space drawing 
means drawing said modified color in the destination location in said color space. 

45 

2. The graphical user interface of claim 1 , 

further including a plurality of colorimetrically measured colors stored in the memory means and 
representing a gamut of reproducible colors of the display means; and 

wherein said modifying means further includes means for adjusting said set of modified color in- 
50 formation signals to produce a reproducible color in said display gamut 

3. A system for modifying a plurality of colors, each color being represented by a set of color information 
signals; said system comprising 

display means for displaying the plurality of colors; 
55 means for receiving input signals from a user; 

color modifying processing means, coupled to said input signal receiving means and to said display 
means; and 

memory means, in communication with said processing means, f r storing therein the color infor- 
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mation signals r presenting the plurality of colors; 

said color modifying processing means including 

color space drawing means for drawing on said display means a graphical representation of a color 
space, and for drawing the plurality of colors in said color spac , each color being drawn in a current lo- 
cation in said color space, said current location having coordinates defined by the color information sig- 
nals representing the respective color, and 

means for modifying each of the plurality of colors drawn in said color space in response to sard 
input signal receiving means, said modifying means including 

means for moving one color of the plurality of colors from said current location to a destination lo- 
cation in said color space, said destination location having coordinates defining a set of modified color 
information signals corresponding to a modified color, said color space drawing means drawing said modi- 
fied color in the destination location in said color space. 

4. Agraphical user interface according to claim 1 , or the system of claim 3, for controlling and modifying the 
appearance of a plurality of colors for reproduction, further including: 

a gamut of reproducible colors of a color reproduction device, said device gamut defined by a plur- 
ality of colorimetrically measured gamut colors, each color thereof being represented by a set of gamut 
color information signals that are stored in the memory means; and wherein 

said color space drawing means is adapted for drawing a polygonal gamut boundary in said color 
space, said boundary having vertices at coordinates defined in said color space by the set of said gamut 
color information signals for respective ones of said plurality of colorimetrically measured gamut colors; 
and wherein 

said modifying means is adapted for modifying one of the plurality of colors drawn in said color 
space in response to at least one of said input signals to produce signals representing a reproducible color 
in said colorimetrically measured device gamut; said modifying means further including 

means for clipping said set of modified color information signals when the location of said modified 
color is inside said gamut boundary; and 

means for constraining said modified color in said gamut boundary when the destination location 
of said modified color moved by said moving means is outside of said gamut boundary. 

5. The graphical user interface of claim 4 further including gamut boundary selection means for selecting 
said polygonal gamut boundary for display in said color space from a plurality of colorimetrically measured 
device gamuts, in response to at least one of said input signals, said color space drawing means being 
responsive to said gamut boundary selection means for drawing said selected polygonal gamut boundary 
in said color space. 

6. The system of claim 3 further comprising a plurality of colorimetrically measured colors representing the 
gamut of colors reproducible by said display means, and wherein said modifying means further includes 
means for adjusting said set of modified colorinformation signals representing said modified color in said 
color space to represent a reproducible color in said display gamut 

7. The GUI or system of any of the preceding claims wherein the set of color information signals for each 
color includes a lightness signal, and wherein said modifying means further includes lightness modifying 
means for modifying said lightness signal in response to at least one of said input signals to produce said 
set of modified color information signals. 

8. The GUI or system of any of the preceding claims further including color space selection means for se- 
lecting said color space for display on said display window or display means from a plurality of color spaces 
in response to at least one of said input signals; said color space drawing means drawing said selected 
color space on said display means. 

9. The GUI or system of any of the preceding claims wherein one of said plurality of color spaces is a lightness 
frequency distribution color space, and wherein said color space drawing means further includes means 
for drawing a graphical representation of the plurality of colors according to said lightness signal thereof 
in said lightness frequ ncy distribution color space. 

10. The GUI or system of any of the preceding claims wherein said color space is a uniform color space. 

11. A method for modifying the appearanc of a plurality of colors in a color display system having input signal 
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rec iving means for receiving signals from a user, a display device, and a memory for storing as t of col r 
inf rmation signals corresponding to each color of the plurality of colors, th method comprising th steps 
of: 

drawing on the display device a graphical representation of a color spac ; 

plotting the plurality of colors in said color space, each color being plotted in a current location in 
said color space, said current location having coordinates defined by the set of color information signals 
of each color of the plurality of colors; 

modifying any one of the plurality of colors in response to signals received from the input signaJ 
receiving means, said modifying step including the step of moving the one color from said current location 
to a destination location in said color space, said destination location having coordinates defining a set 
of modified color information signals representing a modified color in said color space; and 

storing said set of modified color information signals in the color display system memory. 

The method of claim 11 further including the steps of 

colorimetrically measuring a plurality of colors representing the gamut of reproducible colors of the 
display device; and 

storing said display gamut in the color display system memory; 

and wherein said modifying step further includes adjusting said set of modified color information 
signals representing said modified color to represent a reproducible color in said display gamut 

A method for interactively controlling and modifying, in a color display system, the color reproduction of 
a plurality of colors; the color display system having input signai receiving means for receiving signals from 
a user, a display device, and a memory for storing a set of color information signals representing each 
color of the plurality of colors; the method comprising the steps of: 

colorimetrically measuring a gamut of reproducible colors of a color reproduction device, each color 
thereof being represented by a set of gamut color information signals; 

storing said colorimetrically measured device gamut in said memory; 

drawing on said display device a graphical representation of a color space; 

plotting the plurality of colors in said color space, each color being plotted in a current location in 
said color space, said current location having coordinates defined by the set of color information signals 
of each color of the plurality of colors, and plotting a polygonal gamut boundary in said color space, said 
boundary having vertices at coordinates defined in said color space by the set of said gamut color infor- 
mation signals for respective ones of said plurality of colorimetrically measured gamut colors; 

modifying any one of the plurality of colors in response to signals received from the input signal 
receiving means to produce signals representing a reproducible color in said colorimetrically measured 
device gamut; and 

storing said set of modified color information signals in said memory; 

said modifying step including 

moving the one color from said current location to a destination location in said color space, 
said destination location having coordinates defining a set of modified color information signals repre- 
senting a modified color in said color space; 

clipping said set of modified color information signals when said destination location of said 
modified color is inside said gamut boundary; and 

constraining said modified color in said gamut boundary when said destination location of 
said modified color moved by said moving means is outside of said gamut boundary. 

The method of any of claims 11 to 13 wherein the set of color information signals of each color includes 
a lightness signal, and wherein said modifying step further includes a lightness modifying step of modi- 
fying said lightness signal, in response to at least one of said input signals, to produce said set of modified 
color information signaJs. 

The method of any of claims 11 to 15 wherein said color space is a uniform color space. 
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